Previous studies have shown two components of glucose absorption in the small intestine: a secondary active transport through SGLT1, and unsaturated component, recently attributed mainly to the facilitated diffusion through GLUT2, but the relationship between these two components under physiological conditions remains controversial. In chronic experiments on nonanesthetized rats we investigated for the first time the kinetics of maltose hydrolysis and glucose absorption in the isolated loop of the small intestine in a wide range of maltose and glucose concentrations (25 -200 mmol/l glucose). The processes were simulated on mathematical models which took into account the current views about mechanisms of hydrolysis and transport of nutrients and geometric characteristics of the intestinal surface. The results of chronic experiments and mathematical simulation have shown that under the close to physiological conditions the glucose transport mediated by SGLT1 is the main mechanism of its absorption in comparison with the unsaturated component. This was demonstrated not only at low, but also at high substrate concentrations. We conclude that correct evaluation of the relative contribution of different mechanisms in glucose transport through the intestinal epithelium requires taking into account the geometric specificities of its surface.
INTRODUCTION
In accordance with the classic view, glucose is transported across the brush border membrane by Na + /glucose co-transporter SGLT1, while the facilitated diffusion mediated by GLUT2 provides the output of glucose from enterocytes across the basolateral membrane into the extracellular space [1] [2] [3] [4] [5] [6] [7] .
The results of numerous experiments in vivo have also revealed the existence of unsaturated ("diffusion") component of glucose absorption, which may exceed greatly the secondary active transport through SGLT1 at high substrate concentrations [6, 8, 9] .
To explain an importance of the unsaturated component J.R. Pappenheimer [8] suggested the "paracellular" concept of glucose absorption in the small intestine, which was not supported [10, 11] .
According to the recent evidences, the transporter GLUT2 may be transiently inserted into the apical membrane of enterocytes. Along with SGLT1, it participates in glucose transfer across this membrane [9, 12] . Moreover, it is assumed that at high carbohydrate loads, due to saturation of SGLT1 transporters, the facilitated diffusion via GLUT2 behaves as the unsaturated component and becomes the predominant mechanism of glucose absorption in the small intestine [9, 13] .
But, this assumption is not indisputable. First, the assumption is based on the results of in vitro or in vivo experiments on anesthetized animals. However, it has been shown previously [14] [15] [16] , that acute experiments in vivo are far from physiological conditions because of the effect of anesthesia and surgical trauma.
Second, current estimations of the relations between the "active" and the "diffusion" components of glucose absorption do not take into account geometric features of the digestive-absorptive surface of the small intestine in mammals. Meanwhile, a complex architecture of the intestinal surface with the pre-epithelial layer may significantly affect the kinetics of hydrolytic and transport processes [17] [18] [19] .
In this work, to evaluate the relative roles of "active" and "passive" components of glucose absorption in the small intestine, we investigated for the first time the kinetics of hydrolysis of maltose and glucose absorption in the isolated loop of the small intestine in chronic experiments on nonanaesthetizes rats in a wide range of the substrate concentrations (up to 200 mmol/l glucose). The experimental data were analyzed on the mathematical model with commonly used approximation of the intestinal epithelium in the form of a smooth surface with adjacent diffusion layer [4, 6, 7, 11] , and on the original model, which took into account geometric specificities of the intestinal surface [19] .
MATERIALS AND METHODS

Chronic Experiments
The experiments were conducted on five adult Wistar rats (male, weight 180 -300 g) with an isolated ThiryVella segment of the proximal jejunum (L ~ 20 cm) as described previously [14] [15] [16] . The surgery technique, preparing of the animals for the experiments, as well as the experimental conditions were similar to the original method with slight modifications. In particular, test perfusions of the isolated segment usually started 7-9 days after the surgery, when the symptoms of the "post-operative disease" had practically disappeared. The operated rats were used in chronic experiments in 2 -3 weeks after the surgery.
The Ethical Guidelines issued by the Committee of the International Association for the Study of Pain have been followed [20] . All experimental procedures were in full compliance with The European Council Directive (86/ 609/EEC) and approved by The Ethical Committee of the Pavlov Institute of Physiology, RAS (Resolution No 1, January 16, 2012) .
The isolated intestinal loop of the satiated animals was perfused at velocity of 0.3 ml/min with solutions of maltose ("Sigma Chemical Co.", USA) at the initial concentrations of 12.5, 25.0, 50.0 and 100.0 mmol/l (of glucose), or with solutions of glucose ("Sigma Chemical Co.", USA) at the initial concentrations of 25.0, 50.0, 100.0, and 200 mmol/l. All solutions were prepared using the Ringer solution, which consisted of: NaCl 120 mmol/l, KCl 5.6 mmol/l, CaCl 2 2.2 mmol/l, NaHCO 3 1.8 mmol/l.
In contrast to previously performed experiments [16] , mannitol was not added to the substrate solutions. Thus, the initial molarity of the solutions was variable: the higher molarity was the case with glucose concentration 200 mmol/l and the lowest-in the case of maltose solution 12.5 mmol/l.
Concentrations of free glucose (G-glucose) and the sum of concentrations of free glucose and glucose comprised in maltose (M-glucose) were determined by the glucose oxidase [21] and anthrone [22] methods.
The rates of maltose hydrolysis ( ), free glucose absorption ( ), maltose-released glucose absorption ( ), and water absorption (J w ), were determined using the following known formulas:
where C М,in is maltose concentration in the infusate (mmol/l of glucose); C Gl,out is glucose concentration in the outflowing perfusate, determined by the glucose oxidase method (mmol/l); C M+Gl,out is the sum concentration of sugars in the outflowing perfusate, determined by the anthrone method (mmol/l of glucose); v in is the rate of infusion (ml/min); v out is the rate of the outflowing perfusate (ml/min).
Perfusions with maltose solutions were performed sequentially, starting from the minimal concentration in a given experiment. Upon reaching steady state (15 min after a start of each interval of perfusion) for two or three 10-minute intervals, samples for subsequent biochemical analysis were taken. The volumes of the samples were also measured to calculate the rate of absorption (secretion) of water in the isolated intestinal loop.
Mathematical Modeling
We have considered the isolated intestinal loop as a tube into which a substrate (maltose or glucose) solution enters at a constant rate. We have assumed that the structural and functional characteristics of the isolated loop are uniform throughout its length. The radial gradients of concentrations of the substrates (maltose and glucose) are absent due to intensive mixing of the luminal content. There is a pre-epithelial (unstirred) layer between the digestive-absorptive surface and the lumen of the tube. The substances cross the layer by diffusion and by convection (solvent drag).
We have used two approximations of the complex surface of the intestinal epithelium (Figure 1) : a smooth surface with adjacent diffusion layer [4, 6, 7, 11] (Figure  1(a) ), and a folded surface with a diffusion layer between the folds, and partly over them (Figure 1(b) ).
As an example, the folds have been taken rectangular in cross section, with a height of 300 m, a width of 70 m, and the distance between the folds of 30 m, in accordance with the actual size of the intestinal villi in the isolated loop of the rat small intestine in chronic experiments.
The main assumptions, common for both approximations of the model, are the following: 1) Membrane hydrolysis of maltose is described by the Michaelis-Menten equation:
where J h is the rate of maltose hydrolysis per cm of intestinal length (mol·min enterocytes (mmol/l); K m is Michaelis constant for maltose hydrolysis (mmol/l).
2) Absorption of glucose (both free, and released from maltose hydrolysis) is mainly determined by permeability of the apical membrane of the enterocytes and can be described by the well-known equation [4, 6] :
where J a is the rate of glucose absorption per cm of intestinal length (mol·min [4, 6] , and the facilitated diffusion mediated by GLUT2 [9] , which in the first approximation may be considered as proportional to glucose concentration at the apical membrane of enterocytes, C m .
3) Free glucose, and glucose released from maltose hydrolysis, constitutes a common pool and they are transported across the apical membrane of enterocytes via the same transporters [16, 23] .
4) The rate of water absorption in the small intestine depends on molarity of the luminal content, and increases during glucose absorption [24] . Thus, the total transepithelial water flux (J w ) is considered in the model as a sum of three components:
where J w0 is a component of the water flux, which does not depend on the presence of maltose and glucose in the ). Hydrolysis of maltose in the isolated loop of the small intestine, as well as absorption of glucose and water, can be described by a system of ordinary differential firstorder equations: 1) Maltose hydrolysis:
2) Absorption of glucose released from maltose hydrolysis:
3) Free glucose absorption:
where J h (l) and J a (l) are the rates of maltose hydrolysis and glucose absorption, respectively, at a distance l from the beginning of the isolated loop of the intestine (mol· min -1 ·cm -1 ); S(l) and C(l) are concentrations of maltose and glucose (free, or released from maltose hydrolysis), respectively, at a distance l from the beginning of the isolated segment of the intestine (mmol/l); J w (l) is the rate of water absorption at a distance l from the beginning of the isolated segment of the intestine (l·min
is the volume rate of perfusion at a distance l from the beginning of the isolated segment of the intestine (ml·min -1 ). 5) Maltase activity and capacities of the active and the passive transport of glucose are evenly distributed along the isolated loop of the intestine.
Besides, we made some additional assumptions for each version of the model.
The model with the approximation of a smooth surface. The digestive-absorptive surface is separated from the lumen by the diffusion layer of uniform thickness (permeability) (Figure 1(a) ). The rates of maltose (J mPL ) and glucose (J gPL ) transfer through the pre-epithelial layer of the small intestine can be described by the following equations [7, 16] :
where S and C are concentrations of maltose and glucose, respectively, in the intestinal lumen (mmol/l); S m and C m are concentrations of maltose and glucose, respectively, at the absorptive surface (mmol/l); J w is the rate of water absorption (ml·min -1 ·cm -1 ); k 1m and k 1g are the rates of diffusion of maltose and glucose, respectively, across the pre-epithelial layer (cm 2 ·min -1 ); k 2m and k 2g are coefficients of maltose and glucose transfer, respectively, across the pre-epithelial layer by convection with water flux (dimensionless).
Taking into account the assumptions 1 ÷ 4 (formulas 1a, 1b and 2), as well as the fact that at each l point J h (l) = J mPL (l) and J a (l) = J gPL (l), by solving Eqs.3 one can determine the rates of maltose hydrolysis and released glucose absorption in the isolated loop of the intestine, the rate of water absorption (secretion), as well as the longitudinal distribution of maltose and glucose (free, or released from maltose) in the intestinal lumen and at the digestive-absorptive surface.
The model with the approximation of a folded surface. Concentration gradients of the substrates between the villi in a direction perpendicular to their lateral surface are assumed to be small compared with their concentration gradients along the villi.
The activities of maltase and glucose transporters are unevenly distributed on the villus. The maximal activities of disaccharidases are localized near the top of intestinal villi, with minimal values near the crypts [25] . A similar distribution along the crypt-apical axis has been observed for glucose transporters SGLT1 [26, 27] .
For this model we hypothesized, analogous forms of distribution along the folds for the enzyme activity (Eq.5 (a)) and for the transporter (Eq.5(b)).
where V(y) and J max (y) are the enzyme and transport activities, respectively, at a point y; y is a distance from the base of the folds (0 ≤ y ≤ h); h-is a height of the folds; V 0 and J max0 are adjustable constants. We assumed also, that a capacity of the unsaturated component of glucose transport (simple diffusion + facilitated diffusion via transporter GLUT2) is constant along the folds.
In the second version of the model, concentrations of maltose and glucose in radial direction above the folds and between them at each elementary segment dl have been calculated using the following differential equations:
where S(y) and C(y) are concentrations of maltose and glucose, respectively, at a distance y from the base of the folds (mmol/l);. V(y) and J max (y) are values of maximal rates of maltose hydrolysis and glucose transport, respectively, at a distance y from the base of the folds (mol· min -1 ·cm ). In solving the equations describing the radial distribution of the substrates along the folds, according to the computer program, first of all are assigned the approximate values of maltose and glucose concentrations at the entrance of the intestinal tube (l = 0) on a base of the folds (y = 0). Then, after the numerical integration of the equations 6a and 6b, the calculated concentrations of these substrates in the lumen of the tube and their initial concentrations at the entrance of the tube are compared. When the difference between these values exceeds the permissible level (less than 1% of the initial concentration of maltose and less than 2% of the maximal concentration of glucose), in accordance with the computer program, new values of the substrate concentrations at a base of the folds are automatically assigned with a decreased increment. The process is repeated as long as the difference between the calculated and initial concentrations in the lumen of the tube becomes less than the specified permissible level. Then, a numerical integration was performed with Eqs.3(a)-(d) , which describe the distribution of the substrates (maltose and glucose) along the intestinal tube. Testing of the program has shown that if the steps of integration are 1% of the folds height and 0.5% of the length of the tube, respectively, a further reduction of the steps does not significantly affect the results of calculations. Figure 2(a) and (b) . Parameters of the model with approximation in the form of a smooth surface are shown in Table 1 . Their values were generally in the range of values that were determined previously in chronic experiments on rats [14, 16] . The value of K t was between 0.2 -1.0 mM [2,5] and 2.0 -5.0 mmol/l [6, 7, 9] .
RESULTS
Absorption Free Glucose
As it can be seen (Figure 2(a) ), the model with the approximation of the intestinal surface in the form of a smooth surface with the adjacent pre-epithelial layer corresponds well (curve 1) with the experimental data (correlation coefficient r = 0.999). The model predicts an almost complete saturation of the active component of glucose transport (curve 2) when substrate concentration in the lumen is above 40 mmol/l. The contribution of the unsaturated component increases with increasing concentration of glucose in the intestinal lumen (curve 3) and becomes close to the contribution of the active component only at high substrate concentrations. The model with the approximation of a folded surface may also satisfactorily reproduce (r = 0.997) the corresponding experimental data (Figure 2(b), curve 1) . The model parameters are presented in Table 2 . The values of P c (y) in equation 6(b) were calculated assuming that the diffusion coefficient of glucose in the space between the folds, and above them (D) is equal to 3.9 × 10 -4 cm 2 ·min -1 [4, 7] . It is important to emphasize that in this version of the model, the value of K t = 1.0 mmol/l has been taken the same as in the model with approximation of a smooth surface.
However, the component of active transport (curve 2) does not reach complete saturation even in the range of high concentrations of the substrate, and the unsaturated component (curve 3) is only a small fraction of the total absorption: 9.5% at 200 mmol/l of free glucose in the infusate. In both versions of the model, values J w0 have been slightly adjusted in the range of -3.1 --8.3 l/min per cm to match the rates of water absorption which were observed in the chronic experiments.
Maltose Hydrolysis and Glucose Absorption
The experimental data are presented in Figure 3 . It is important to note, that there was virtually no saturation in the rate of maltose hydrolysis (black circles, Mean ± SEM) even in the range of high concentrations of the substrate in the lumen (35 -70 mmol/l), which exceeds by many times the value of K m for maltase: 3.3 -3.7 mmol/l [7, 18] . The rate of released glucose absorption did not also reach full saturation (Figure 3 , open circles, Mean ± SEM).
Results of modeling of these processes for two variants of approximation of digestive-absorptive surface of the small intestine are presented as curves in the Figure 3 .
In both versions of the model, Michaelis constant (K m ) for maltose hydrolysis was taken equal to 3.7 mmol/l [7, 16, 18] .
Using an iteration technique, we found that for hydrolysis of maltose the best match with the corresponding experimental data was achieved at V = 0.690 mol/min per cm of the isolated loop in the model with the approximation of a smooth surface (Figure 3(a) , curve 2) and at V = 0.955 mol/min per cm-in the model with the approximation of a folded surface (Figure 3(b), curve 2) . These values correspond to the estimates obtained previously in similar chronic experiments on rats [16] . It was also assumed that in the first case (variant A) the diffusion constant in the pre-epithelial layer for maltose (k 1m ) was 0.035 cm 2 · min -1 , 2 times smaller than the diffusion constant for glucose (k 1g ). In the second case (variant B) the diffusion coefficient D for maltose was taken 2.76 × 10 -4 cm 2 · min -1 , i.e. 2 times smaller than for diffusion coefficient for glucose [7] . It is important to emphasize that the values of other parameters (K t , J max , k d , k 1g , etc.) in both versions of the model were the same as those in modeling of free glucose absorption (See Tables  1 and 2) .
The model with A-variant of approximation (Figure 3,  (a) ) predicts a more rapid saturation of the maltose hydrolysis with increasing substrate concentration in the lumen (curve 1), and a lower rate of the released glucose absorption (curve 2) compared with the corresponding experimental data (Figure 3(a) , black and open circles, respectively, Mean ± SEM) in the range of high concentrations of maltose in the intestinal lumen. It is important to note, that the relationship between saturated ("active") and unsaturated ("passive" and facilitated diffusions) components of M-glucose absorption (curves 2a and 2b) was significantly different from the relationship between these components in the case of G-glucose absorption (Figure 2(a), curves 2 and 3) .
In the case of approximation of a folded surface a good agreement was observed between the results of simulation and corresponding experimental data (Figure 3(b) ) both in terms of maltose hydrolysis (curve 1, correlation coefficient r = 0.998), and the rate of released glucose absorption (curve 2, correlation coefficient r = 0.999). The model predicted that at the maximal concentration of maltose in the infusate (100 mmol/l) the contribution of the saturated ("active") component of the released glucose absorption (curve 2a) was more than 90% of the total absorption (curve 2).
Simulation of the Radial Distribution of Substrates in the Pre-Epithelial Layer of the Small Intestine
The model with a folded surface, as an imitation of the actual intestinal surface, predicts a sharp decrease in the concentrations of the substrates along the intestinal villi in the case of relatively low concentrations of maltose (25.0 mmol/l) or free glucose (50 mmol/l) in the intestinal lumen (Figure 4(a) ). At the same time, according to the results of the simulation, the concentration of glucose, released from maltose hydrolysis (curve 2a), is signifycantly lower than that in the case of absorption of free glucose (curve 2b).
Hydrolysis of maltose apparently takes place at the level of the upper third of the villi (Figure 4(b) , curve 1) at a high substrate concentration in the lumen (100 mmol/l). Moreover, in this case, the simulation results suggest the presence of high concentrations of glucose which is released during the hydrolysis of maltose (curve 2a), as well as high concentrations of free glucose (curve 2b) in the intervillous space along the entire height of intestinal villi.
DISCUSSION
The question about the basic mechanisms of glucose absorption in the small intestine under normal conditions remains controversial.
In the late 80's J. Pappenheimer [8] drew attention to the discrepancy between the classical concepts of a role of the secondary active transport mediated by SGLT1 with the experimental data obtained in kinetic studies of glucose absorption. First, under physiological conditions, a significantly higher rate of glucose absorption in the small intestine has been observed than would be expected if we bear in mind the values of the maximal rate of the active transport (J max ), calculated from the data obtained previously in the in vitro and in vivo experiments (review: [8] ).
Second, in the experiments in vivo, even in the range of high concentrations of glucose, the rate of absorption continues to increase with increasing substrate concentration, while the concentration of glucose even at 25 -30 mmol/l would reach almost complete saturation of the transporter SGLT1, because Michaelis constant for active transport of glucose (K t ) is in the range 0.2 -5.0 mmol/l [5, 7, 9] .
The idea of J. Kellett and collaborators [9, 12] about the involvement of the GLUT2 transporter in glucose transfer across the apical membrane of enterocytes under high carbohydrate load seems as a satisfactory explanation for the mentioned discrepancies. Many researchers have found a large amount of the transporter not only in the basolateral, but also in the apical membrane of enterocytes [9] . We also observed the localization of fluorescent labels for transporters GLUT2 in the apical region of enterocytes during the immunocytochemical analysis of enterocytes in the isolated small intestine after its perfusion in chronic experiments on rats [28, 29] .
Thus, at present the involvement of the apical GLUT2 in glucose transfer across the apical membrane of enterocytes seems convincingly proved.
However, the statement of some authors [12, 13] about domination of facilitated diffusion mediated by the GLUT2 transporter in glucose absorption at the high carbohydrate load is not indisputable, because this view does not take into account some important factors.
One of the factors is underestimation of the "active" component of glucose absorption observed in physiological conditions.
On the basis of data obtained in vitro-or in the acute in vivo experiments on anesthetized animals, some authors [7] [8] [9] 13] have asserted that a capacity of the "active" glucose transport in the small intestine is too small to explain the high rates of glucose absorption which have been observed under normal conditions. Nevertheless, we [11, 14, 16] and other researchers [15] have previously shown that anesthesia and surgical trauma significantly impairs functional characteristics of the small intestine. The results of chronic experiments on nonanesthetized animals [11, 14, 16] have shown that values of the maximal rate of the secondary active glucose transport under physiological conditions are significantly higher than the former estimates, based on the acute experiments in vivo.
According to the results of our present chronic experiments (Figure 2) , the rate of glucose absorption in the isolated intestinal loop was 6.30 ± 0.35 mol/min at mean logarithmic glucose concentration in the lumen 10.65 mmol/l, i.e. in the range of almost negligible contribution of facilitated diffusion through GLUT2. At the same time, in the range of mean logarithmic glucose concentration in the lumen between 30 -160 mmol/l, where the "active" component of glucose absorption was supposed to be saturated, the rate of glucose absorption increased from 10.15 ± 1.11 to 17.03 ± 1.18 mol/min (the slope was only about 5 mol/min per 100 mmol/l).
The model with the approximation of a folded surface (curves 2 and 3 in Figure 2(a) ) demonstrates the relations between "active" (saturated) and "diffusion" (unsaturated) components of glucose absorption.
The second factor is the complex architecture of the intestinal surface (the presence of folds, villi, and microvilli). Our data on the kinetics of maltose hydrolysis in the isolated loop of the small intestine in a wide range of substrate concentrations (Figure 3) , as well as the experimental data obtained by other researchers [18] , demonstrate the absence of saturation of maltose hydrolysis in the range of high concentrations of the substrate (50 -100 mmol/l). This fact (keeping in mind that the Michaelis constant, K m , for maltase activity is about 3.2 -3.7 mmol/l) can only be explained by the model which takes into account the complex architecture of the intestinal surface (Figure 3(b), curve 1) .
It is reasonable to assume that the mentioned peculiarrities of the intestinal surface similarly affect the kinetics of glucose absorption. Indeed, the simulation results on the kinetics of glucose absorption released from maltose hydrolysis fit best to the experimental data only in the case of approximation of the folded surface (Figure 3(b) , curve 2). In the case of approximation in the form of a smooth surface, the model predicts a saturation of the rates of maltose hydrolysis and released glucose absorption at much lower concentrations of substrate than that observed in our chronic experiments (Figure 3(a) , curves 1 and 2).
Analysis of the possible radial distribution of substrates in the pre-epithelial layer, using the model with approximation of the folded surface, shows (Figure 4) that at the concentration of maltose 25 mmol/l (50 mmol/l of glucose) the transporters SGLT1 appears to be close to saturation only in the upper part of the villi.
This conclusion is consistent with the results obtained previously by us in the study of the structural organization of enterocytes in the intestinal preparations taken from isolated loop of the rat small intestine after its perfusion with solutions of glucose and maltose in chronic experiments. In particular, it was found that at low concentrations of maltose (25 mmol/l) the absorption of the released glucose occurred mainly at the tips of the villi, whereas at higher concentrations of maltose (75 mmol/l), the lateral surface of the villi was also involved in absorption of glucose [28, 29] .
The third factor is an overestimation of the facilitated diffusion in the experiments with inhibitors of glucose transport.
One of the arguments in favor of a predominant role of the facilitated diffusion mediated by GLUT2 in glucose absorption in the small intestine was based on a signifycant reduction in glucose absorption in the small intestine in vivo by phloretin (an inhibitor of GLUT2) [9] .
However, phloretin, introduced to mucosal side of the intestine, is likely to partially penetrate into the intercellular space and inhibits the exit of glucose from enterocytes [30] . In addition, phloretin non-specifically inhibits the activity of some enzymes and transport systems in the small intestine [30] . Thus, an approach based on the use of phloretin to inhibit glucose absorption in the small intestine significantly overestimates the contribution of facilitated diffusion through the apical membrane of enterocytes in total absorption of glucose, whereas the contribution of the secondary active transport of glucose in this case is underestimated.
This work does not question the importance of involvement of the apical GLUT2 in absorption of glucose in the small intestine under certain physiological or pathological conditions (e.g. diabetes, and obesity).
At the same time, the results of our kinetic studies and mathematical modeling confirm the central role of the secondary active transport mediated by SGLT1 in the absorption of glucose in the small intestine [1, 2, 31, 32] . Only the model, that has been developed on this assumption and takes into account the architecture of the intestinal surface, can satisfactorily reproduce the kinetics of maltose hydrolysis and glucose absorption in a wide range of substrate concentrations.
Our results indicate that the physiological role of villous surface of the small intestine in mammals is not limited to an increase in the digestive-absorptive surface area. In combination with other factors (localization of hydrolytic enzymes and the corresponding transporters at the same surface, the presence of the pre-epithelial layer of the small intestine, and trans-epithelial fluid flows) the features of the architecture of the intestinal surface promote more efficient coupling between hydrolysis and transport of nutrients.
CONCLUSIONS
1) The secondary active transport mediated by the SGLT1 is the major mechanism of glucose absorption in the rat small intestine under close to physiological conditions not only at low, but also at high carbohydrate concentrations.
2) Analysis of different mechanisms of nutrients absorption in the small intestine under normal conditions based on the data obtained in vivo experiments on nonanesthetized animals requires taking into account the permeability of the pre-epithelial layer of the small intestine and geometric peculiarities of its surface, especially in the range of high concentrations of substrates.
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